Context. Broad emission lines originate in the surroundings of supermassive black holes in the centers of active galactic nuclei (AGN). These broad-line emitting regions are spatially unresolved even for the nearest AGN. The origin and geometry of broad-line region (BLR) gas and their connection with geometrically thin or thick accretion disks is of fundamental importance for the understanding of AGN activity. Aims. One method to investigate the extent, structure, and kinematics of the BLR is to study the continuum and line profile variability in AGN. We selected the radio-loud Seyfert 1 galaxy 3C120 as a target for this study. Methods. We took spectra with a high signal-to-noise ratio of 3C 120 with the 9.2m Hobby-Eberly Telescope between Sept. 2008 and March 2009. In parallel, we photometrically monitored the continuum flux at the Wise observatory. We analyzed the continuum and line profile variations in detail (1D and 2D reverberation mapping) and modeled the geometry of the line-emitting regions based on the line profiles. Results. We show that the BLR in 3C 120 is stratified with respect to the distance of the line-emitting regions from the center with respect to the line widths (FWHM) of the rms profiles and with respect to the variability amplitude of the emission lines. The emission line wings of Hα and Hβ respond much faster than their central region. This is explained by accretion disk models. In addition, these lines show a stronger response in the red wings. However, the velocity-delay maps of the helium lines show a stronger response in the blue wing. Furthermore, the He ii λ4686 line responds faster in the blue wing in contradiction to observations made one and a half years later when the galaxy was in a lower state. The faster response in the blue wing is an indication for central outflow motions when this galaxy was in a bright state during our observations. The vertical BLR structure in 3C 120 coincides with that of other AGN. We confirm the general trend: the emission lines of narrow line AGN originate at larger distances from the midplane than AGN with broader emission lines.
Introduction
The variable radio source 3C 120 has been identified to be a distant Seyfert 1 galaxy of redshift 0.0334 by Burbidge (1967) as early as 1967. Later on, French & Miller (1980) and Oke et al. (1980) observed short-term variations (i.e. within of one year) and long-term spectral variations in the continuum and in the broad emission lines during an observing period from 1967 to 1980. Peterson et al. (1998) carried out a spectral variability campaign of 3C 120 during a period of eight years from 1989 to 1996. They derived a delay of τ = 44.
+28.
−20. days of the integrated Hβ emission line with respect to the variable continuum flux. The value of this delay -that is the distance of the lineemitting region from the central ionizing source -had a large error because the continuum and emission-line light curves were ⋆ Based on observations obtained with the Hobby-Eberly Telescope, which is a joint project of the University of Texas at Austin, the Pennsylvania State University, Stanford University, the Ludwig-MaximiliansUniversität München, and the Georg-August-Universität Göttingen. not sampled densely. Their mean and median sampling rate was 50 and 11 days, respectively.
We carried out an additional spectral variability campaign of 3C 120 with the 9.2m Hobby-Eberly Telescope (HET) in the years 2008 and 2009 to study in detail variations in the integrated line fluxes and in the profiles of the optical Balmer and helium lines. The study of variations in emission-line profiles of active galactic nuclei contains information about the structure and kinematics of the central line-emitting regions in Seyfert 1 galaxies in combination with model calculations. Relative variations in individual segments of emission lines with respect to each other were verified before, for instance, in variability campaigns of the UV C iv λ1550 line in NGC 4151, NGC 5548 (Gaskell 1988 , Korista et al. 1995 or in the Balmer lines of NGC 5548, NGC 4593 (Kollatschny & Dietrich 1996 , Kollatschny & Dietrich 1997 . There have been indications of a shorter delay in the red line wings than in the blue wings in all these variability campaigns. Detailed two-dimensional (2D) reverberation-mapping studies have been carried out so far only for a few galaxies (Kollatschny 2003; Bentz et al. 2010; Grier et al. 2013) . Grier et al. (2013) monitored three spectral lines of 3C 120 in the year 2010 when this galaxy was in a low state. We compare their findings with the results of our variability campaign.
Line profile studies confirmed the general picture that the broad-line emitting region (BLR) is gravitationally bound and that the emission lines originate in flattened accretion disk structures with additional indications of inflow or outflow motions. The analyses of the integrated line-intensity variations and their line profile variations are important tools for studying the central BLR in active galactic nuclei (AGN). In addition, the line profiles -that is, their observed full-width at half maximum line values (FWHM) and σ line values -contain information on the rotational and turbulent velocities in the line-emitting regions above the accretion disk (Kollatschny & Zetzl 2011 , 2013a . Based on these velocity studies, we were able to determine the heights of the line-emitting regions above the midplane in combination with the line-emitting distances from the ionizing central source for a few active galaxies. Here we present additional information regarding the vertical BLR structure in 3C 120 by modeling their line profiles, as we have done before for four other Seyfert galaxies (Kollatschny & Zetzl 2013b,c) , and we compare the BLR structures with each other.
The paper is arranged in the following way: in Section 2 we describe the observations taken with the HET Telescope. In Section 3 we present our data analysis and results on the structure and kinematics of the central BLR in 3C 120. In Section 4 we discuss the results of our variability campaign compared with other campaigns of this galaxy. Finally, we analyze the BLR structure in this galaxy and compare it with that of other Seyfert galaxies. A short summary is given in Section 5.
Observations and data reduction
We took optical spectra of the AGN in the Seyfert galaxy 3C 120 with the HET telescope at McDonald Observatory at 31 epochs between September 17, 2008, and March 16, 2009 . The log of our spectroscopic observations is given in Table 1 .
The obtained spectra span a period of 179.7 days. The median interval between the individual observations was 4.1 days and the average interval was 5.8. During the first two months of our campaign we took 19 spectra with an average interval of 3.5 days. In some cases we acquired spectra at intervals of only one day.
All spectroscopic observations were performed under identical instrumental conditions with the Marcario Low Resolution Spectrograph (LRS) mounted at the prime focus of HET. The detector was a 3072 × 1024 15 µm pixel Ford Aerospace CCD with 2x2 binning. The spectra cover the wavelength range from 4200 Å to 6900 Å (LRS grism 2 configuration) in the rest frame of the galaxy with a resolving power of 650 at 5000 Å (7.7 Å FWHM). All observations were taken with exposure times of 10 to 20 minutes, which in most cases yielded a S/N of at least 100 per pixel in the continuum. The slit width was fixed to 2 ′′ . 0 projected on the sky at an optimized position angle to minimize differential refraction. Furthermore, all observations were taken at the same airmass thanks to the particular design feature of the HET. We extracted seven columns from each of our object spectra, corresponding to 3 ′′ . 3. The spatial resolution was 0
′′
. 472 per binned pixel.
Both HgCdZn and Ne spectra were taken after each object exposure to enable the wavelength calibration. Spectra of different standard stars were observed for flux calibration as well. The reduction of the spectra (bias subtraction, cosmic ray correction, flat-field correction, 2D-wavelength calibration, night-sky subtraction, and flux calibration) was made in a homogeneous way with IRAF reduction packages (Kollatschny et al., 2001) . The spectra were not corrected for the variable atmospheric absorption in the B band.
Great care was taken to ensure high-quality intensity and wavelength calibrations to keep the intrinsic measurement errors very low (Kollatschny et al., 2001 (Kollatschny et al., , 2003 (Kollatschny et al., , 2010 . Our galaxy spectra as well as our calibration star spectra were not always taken under photometric conditions. Therefore, all spectra were calibrated to the same absolute [O iii] λ5007 flux of 3.02 × 10 −13 erg s −1 cm −2 (taken from Peterson et al. 1998) . The flux of the narrow emission line [O iii] λ5007 is considered to be constant on time scales ranging from one to a few years .
The accuracy of the [O iii] λ5007 flux calibration was tested for all forbidden emission lines in the spectra. We calculated difference spectra for all epochs with respect to the mean spectrum of our variability campaign. Corrections for both small spectral shifts (< 0.5 Å) and small scaling factors were executed by minimizing the residuals of the narrow emission lines in the difference spectra. All wavelengths were converted to the rest frame of the galaxy (z=0.03302). Throughout this paper, we assume that H 0 = 70 km s −1 Mpc −1 . A relative flux accuracy on the order of 1% was achieved for most of our spectra.
In addition to our spectra of 3C120 taken with the HET (H) we obtained photometric data taken with the 1m telescope at The 1m telescope is equipped with the 1340×1300 pixels PI-CCD camera which has a 13'×13' field of view with a scale of 0.58 arcsec/pix. Observations were carried out in Bessel V and R bands with exposure times of 5 minutes. The images were reduced in the standard way using IRAF routines. Broadband light curves were produced by comparing their instrumental magnitudes with those of non-variable stars in the field (see, e.g., Netzer et al. 1996 , for more details). The quoted uncertainties on the photometric measurements include the fluctuations due to photon statistics and the scatter in the measurement of the non-variable stars used. During November and December 2008, I' band measurements were taken with the 40cm monitoring telescope of the Universitätssternwarte Bochum near Cerro Armazones in Chile (Ramolla et al., 2013) . The filter I' is the i-band of PANSTARRS, similar to SLOAN i. This filter is centered on 7700 Å with a width of 1500 Å. Per night, ten dithered 60 s exposures with a size of 27 ′ × 41 ′ were reduced in a standard manner and then combined. Light curves were extracted using 15 ′′ apertures and five non-variable stars on the same images and of similar brightness as 3C120. A list of the photometric observations is given in Table 2 .
Results and discussion

Continuum and spectral line variations
We present in Fig. 1 all reduced optical spectra of 3C 120 that were taken during our variability campaign. All 31 spectra are shown in the rest frame. They clearly show variations in the continuum and in the He ii λ4686 line profile. Figure 2 shows the mean and the rms spectra of 3C 120 for our variability campaign. The rms spectrum is given at the bottom. This spectrum was scaled by a factor of ten (the zero level is shifted by −2.5) to enhance weaker line structures. The rms spectrum presents the variable part of the line profiles. Below we discuss the spectra in the context of the line profiles in 3C 120 in more detail. The continuum boundaries and line integration limits we used for the present study are given at the bottom of the spectra in Figure 2 . We selected the continuum boundaries in the following way: we inspected our mean and rms spectra for continuum regions that were free of both strong emission and absorption lines. The final wavelength ranges we used for the continuum flux measurements are given in Table 3 . The continuum region at 5100 Å is often used for studies of the variable continuum flux in AGN. In general, this region is free of strong emission lines and close to Fig. 2 . Integrated mean (black) and rms (red) spectra of 3C 120. The rms spectrum has been scaled by a factor of 10 (the zero level is shifted by −2.5) to enhance weaker line structures. Overplotted are V (green) and R (orange) band filter curves. We also used these filters to generate the continuum light-curves.
the [O iii] λ5007 flux calibration line. In addition to this wavelength range at 5100 Å we determined the continuum intensities at four additional continuum ranges (at 4430, 5650, 6200, and 6870 Å, see Fig. 2 and Table 3 ). We used these continua to create pseudo-continua below the variable broad emission lines as well.
We integrated the broad emission-line intensities of the Balmer and helium lines between the wavelength boundaries given in Table 3 . Figure 2 shows the selected wavelength ranges for the Balmer and helium lines. First we subtracted a linear pseudo-continuum defined by the boundaries given in Table 3 (Col. 3), then we integrated the emission-line flux. For Hγ we extrapolated the continuum of the Hβ and He ii λ4686 measurements. The results of the continuum and line intensity measurements are given in Table 4 .
Continuum and emission-line light curves
We show in Figs. 3 and 4 the continuum light-curves of 3C 120 at 5100 Å and 6170 Å for our variability campaign. First we created light curves based on the HET spectra alone. Then we generated light curves based on the V-and R-band photometric data taken at Wise observatory. We intercalibrated the V-band photometry into the continuum light curve at 5100 Å and the R-band photometry into the continuum light curve at 6170 Å. We applied a multiplicative scale factor and an additional flux adjustment component to set the light curves on the same scale and to correct for differences in the host galaxy contribution. Finally, we also fitted the I'-band photometry observed at Cerro Armazones into the continuum light curve at 6170 Å. Overall, the light curves from different telescopes agree well. The individual continuum fluxes for the different epochs at 5100 Å and 6170 Å are given in Table 5 . The light curve in the V band has a higher variation amplitude than the light curve in the R band, as expected for AGN where the contribution of the nonthermal continuum flux is stronger in the blue.
In Fig. 5 we present the light curves of the integrated emission-line fluxes of the Balmer lines Hα, Hβ, and Hγ, and of the of the helium lines He i λ5876, He ii λ4686. The continuum light curve at 5100 Å is shown for comparison. The line and continuum flux values are given in Table 4 . The mean continuum flux F λ (5100 Å) is 4.57 ± 0.23 × 10 −15 erg s
and the mean Hβ flux F(Hβ) is 5.24±0.39 × 10 −13 erg s −1 cm −2 . Some statistics of the continuum and emission line intensity variations is given in Table 6 . We indicate the lowest and highest fluxes F min and F max , peak-to-peak amplitudes R max = F max /F min , the mean flux during the period of observations <F>, the standard deviation σ F , and the fractional variation
as defined by Rodríguez-Pascual et al. (1997) . The quantity ∆ 2 is the mean square value of the uncertainties ∆ i associated with the fluxes F i .
Mean and rms line profiles
Based on the observed spectra, we calculated normalized mean and rms line profiles of the Balmer lines Hα, Hβ, Hγ, and of the helium lines He i λ5876, and He ii λ4686 after subtracting the continuum flux. They are presented in Figs. 6 to 12 in velocity space. We show in Figs. 6 to 10 the normalized mean and rms line profiles of the individual lines. The rms spectra illustrate the variations in the line profile segments during our variability campaign. The strong blue wing of the Hγ rms line in Fig. 8 blue variability of the underlying continuum (see Fig.2 ). Because there is no continuum window on the blue side of the Hγ line in our 3C 120 spectra we were unable to subtract a pseudocontinuum below the line with the same precision as for the other lines. In Figs Table 7 the line widths FWHM of the mean and rms line profiles of the Balmer and helium lines. Furthermore, we parameterized the line widths of the rms profiles by their line dispersion σ line (rms widths) (Fromerth & Melia 2000; Peterson et al. 2004 ). In Table 8 we display the shifts of the line centers of the rms and mean line profiles. We derived the emis- He ii λ4686 −1197.4 ± 66. −29.7 ± 25.8 sion line centers using only the parts of the line profiles above 75% of the peak value.
There are three clear trends in the mean and rms emissionline profiles in 3C 120: -the individual rms profiles (FWHM) are always broader than the mean profiles.
-the (higher ionized) helium lines are always broader than the Balmer lines.
-the (higher ionized) helium rms profiles exhibit stronger blueshifts and asymmetries than the Balmer lines. HeII λ4687 vs. λ5100 HeI λ5877 vs. λ5100 These trends indicate that the variable part of the emission-line profiles (i.e., the rms spectrum) originates closer to the center -where the rotation velocity is higher -than the non-variable part. Furthermore, the (higher ionized) helium lines also originate closer to the center than the Balmer lines. A blueshift in the rms profiles in comparison with symmetric mean profiles can be explained by an additional outflow component that is moving towards the observer. In disk-wind models the more distant receding part of the wind is occulted by the accretion disk so that the red side of the line profile of a high-ionization line is suppressed (e.g. Gaskell 2009 ).
CCF analysis
The distance of the broad-line emitting region from the central ionizing source can be estimated in AGN by correlating the broad emission-line light curves with that of the ionizing continuum flux. A continuum light curve in the optical is normally used as surrogate for the ionizing light curve. An interpolation cross-correlation function method (ICCF) has been developed by Gaskell & Peterson (1987) to calculate the delay of the two light curves. We developed our own ICCF code (Dietrich & Kollatschny 1995) in a similar way. With this method we correlated the light curves of the Balmer and helium lines of 3C 120 with the continuum light curve at 5100 Å. The cross-correlation functions ICCF(τ) are presented in Fig. 13 . We derived the centroids of these ICCF, τ cent , by using only the part of the CCF above 80% of the peak value. It has been shown by that a threshold value of 0.8 r max is generally a good choice. We determined the uncertainties in our cross-correlation results by calculating the cross-correlation lags many times using a model-independent Monte Carlo method known as flux redistribution/random subset selection (FR/RSS). This method has been described by Peterson et al. (1998) . Here the error intervals correspond to 68% confidence levels.
The final results of the ICCF analysis are given in Table 9 . The delay of the integrated Hβ line with respect to the continuum light curve at 5100 Å corresponds to 28.5 originate closer to the center (Fig. 14) . In a similar way, the variability amplitude of the integrated emission lines is correlated with the distance of the line-emitting region to the central ionizing source (Fig. 15 ). We present in Fig. 14 the theoretical relation between distance and line width for different black hole masses based on the mass formula given in section 3.5. For this diagram we used the corrected rotational velocities v rot given in Table 10 . It shows the known trend that the He ii λ4686 line originates closer to the center than the Balmer lines and the He i λ5876 line.
Central black hole mass
The central black hole mass in AGN can be derived from the width of the broad emission line profiles based on the assumption that the gas dynamics are dominated by the central massive object, by evaluating M = f c τ cent ∆ v 2 G −1 . The characteristic distance of the line-emitting region τ cent is given by the centroid of the individual cross-correlation functions of the emission-line variations compared with the continuum variations (e.g. Koratkar & Gaskell 1991; Kollatschny & Dietrich 1997) . The characteristic velocity ∆v of the emission-line region can be estimated from the FWHM of the rms profile or from the line dispersion σ line .
The scaling factor f in the equation above is on the order of unity and depends on the kinematics, structure, and orientation of the BLR. This scaling factor may differ from galaxy to galaxy depending on whether we see the central accretion disk including the BLR from the edge or face-on. We wish to compare our value of the central black hole mass in 3C 120 with values of the black hole mass derived by other authors (i.e., Grier et al. 2012 ) and therefore, we adopted their mean value of f=5.5.
Based on the derived delay of the integrated Hβ line (τ cent = 27.9 ±6.5 days) and on the Hβ line width (FWHM(rms)= 3252 ± 67 km s −1 ), we calculate a black hole mass of
However, here we did not correct for the contribution of turbulent motions to the width of the line profiles so far. This is presented in section 3.7 in more detail. After correcting the Hβ line width (FWHM) for its contribution of turbulent motions we derived a black hole mass of Based on the similarly corrected line widths (FWHM) of the additional Balmer and helium lines and on their derived delays, we calculated black hole masses of 7.7 ± 2.3 (Hα), 19.4 ± 8.9 (Hγ), 14.8 ± 4.6 (He i λ5876), and 17.3 ± 10.5 × 10 7 M ⊙ (He ii λ4686). All these BH masses agree with each other within the error limits.
3.6. 2D CCF of the Balmer (Hα, Hβ, Hγ) and helium I, II line profiles
In this section we investigate in more detail the profile variations of the Balmer and helium lines in 3C 120. We proceed in the same way as for the line profile variations in Mrk 110 (Kollatschny & Bischoff 2002; Kollatschny 2003) and Mrk 926 (Kollatschny & Zetzl 2010) . We sliced the velocity profiles of the Balmer and helium lines into velocity segments of widths ∆v = 400 km s −1 . This value of 400 km s −1 corresponds to the spectral resolution of our observations. Then we measured the intensities of all subsequent velocity segments from v = −3 800 until +3 800 km s −1 and compiled their light curves. The central line segment was integrated from v = −200 until +200 km s −1 . Light curves of the central Hβ segment, and of selected blue and red segments are shown in Fig. 16 . For comparison, the light curve of the continuum flux at 5100 Å is given as well.
We computed CCFs of all line segment (∆v = 400 km s −1 ) light curves of the Balmer and helium lines with the 5100 Å continuum light curve. The derived delays of the segments compared with the 5100 Å continuum light curve are shown in Figs. 17 to 21 as a function of distance to the line center. These 2D CCFs are presented in gray scale. The white lines in Figs. 17-21 delineate the contour lines of the correlation coefficient at different levels. The black curves show computed escape velocities for central masses of 3.5, 7, 14 × 10 7 M ⊙ (from bottom to top, see, e.g., Kollatschny & Bischoff 2002) .
The light curves of the line centers are mostly delayed by 20 to 35 days with respect to the continuum variations-except for HeIIλ4686. The outer line wings at distances of 2000 to 3000 km s −1 respond much faster to continuum variations than the inner line profile segments, by 0 to only 20 days. The outer blue wing of the Hβ line (shortward of −3000 km s −1 ) is blended with the red wing of the HeIIλ4686 line (see Fig.2 ). Therefore the response shortward of -3000 km s −1 is influenced by the HeIIλ4686 line. In contrast to the Balmer and HeI lines, the HeIIλ4686 line originates at a distance of only about 11 light days (Fig. 21, Table 9 ). And there is no indication for a longer delay of the line center with respect to the line wings. In the discussion section we compare our observed velocity delay maps in more detail with model calculations of echo images from the BLR and with other observations.
Vertical BLR structure in 3C 120
We demonstrated in recent papers (Kollatschny & Zetzl 2011 , 2013a ,c) that we are able to make statements about the BLR structure in AGN based on variability studies in combination with line profile studies. The broad emission-line profiles in AGN can be parameterized by the ratio of their FWHM to their line dispersion σ line . There exists a general relation between the full-width at half maximum and the line-width ratio FWHM/σ line for the individual emission lines.
The line width FWHM reflects the line broadening due to rotational motions of the broad-line gas of the intrinsic Lorentzian profiles that are associated with turbulent motions. Different emission lines are connected with different turbulent velocities.
Here we model the observed line width ratios FWHM/ σ line versus the line width FWHM of 3C 120 (Fig. 22, Table 10 ) in the same way as for other Seyfert galaxies (Kollatschny & Zetzl 2011 , 2013a . Based on their observed line widths (FWHM) and line-width ratios FWHM/σ line , we plot in Fig. 22 the locations of all observed emission lines in 3C 120. We derived the rotational velocities that belong to the individual lines from their positions between the vertical dashed lines that represent different v rot . The given Hβ line width ratios in Fig. 22 are based on three different variability campaigns: the variability campaign presented in this paper and two additional variability campaigns carried out by Peterson et al. (2004) and Grier et al. (2012) . They are marked with p04 and g12 in Figs. 22-26 and Table 10 .
We determined the heights of the line-emitting regions above the midplane on the basis of the turbulent velocities that belong to the individual emission lines as for other Seyfert galaxies. We used the following mean turbulent velocities: 425 km s −1 for Hγ, 400 km s −1 for Hβ, 700 km s −1 for Hα, 900 km s −1 for He ii λ4686. In Table 10 we present the derived heights above the midplane of the line-emitting regions in 3C 120 (in units of light-days) and the ratio H/R for the individual emission lines. The ratio of the turbulent velocity v turb compared with the rotational velocity v rot in the line-emitting region gives us information on the ratio of the accretion disk height H with respect to the accretion disk radius R of the line-emitting regions as presented in Kollatschny & Zetzl (2011 , 2013a :
The unknown viscosity parameter α is assumed to be constant and to have a value of one. We have not yet derived the mean turbulent velocity connected to the He i λ5876 emission-line region in AGN in our earlier papers. Based on Fig. 22 , we computed a value on the order of 800 km s −1 for He i λ5876 from this single variability campaign.
We show in Fig. 23 the BLR structure of 3C 120 as a function of distance to the center and height above the midplane. The Hβ emission regions observed at different epochs are connected Table 10 . Line profile parameters and radius and height of the line-emitting regions for individual emission lines in 3C 120. The Hβ parameters and the continuum luminosities are given for three observing campaigns. 7.8 ± 2.6 0.30 6.9 ± 2.4 0.27 43.87 ± 0.05 by a solid line. The errors are large for the Hβ region of the variability campaign of the years 1989 -1996 (Peterson et al. 1998) because of poor sampling. The dot at radius zero gives the size of the Schwarzschild radius R S = 1.2 × 10 −2 ld = 3.2 × 10 13 cm for a black hole mass (with M = 10.8 × 10 7 M ⊙ ) multiplied by a factor of twenty. The label at the top of the figure gives the distances of the line-emitting regions in units of the Schwarzschild radius. The He ii λ4686 line originates at the shortest distance from the center and smallest height above the midplane in comparison with the Balmer and HeI lines, as has been seen before in other galaxies. Hα originates at a larger distance from the midplane than Hβ. This has also been seen before in NGC 7469 (Kollatschny & Zetzl 2013c ). Here we see the same effect in 3C 120.
Discussion
We monitored 3C 120 in the years 2008 and 2009 . At this time the AGN was in a brighter state (Fig. 3 ) than in observations taken earlier during the years 1989 -1996 (Peterson et al. 1998) or later during the year 2010 (Grier et al. 2012 ) (see the mean continuum luminosities given in Table 10 ). In our discussion section we highlight the line-profile variations in 3C 120 during our campaign in comparison with other variability campaigns. Furthermore, we discuss the results regarding the BLR structure in 3C 120 in comparison with the BLR structure in other AGN.
Structure and kinematics in the BLR of 3C 120
The response of emission-line segments compared with the variable ionizing continuum does not only give information about the distance of the line-emitting regions, but also on their kinematics in comparison with model calculations. These 2D CCF (τ,v) are mathematically very similar to 2D response functions Ψ (Welsh 2001).
Our 2D cross-correlation functions CCF(τ,v) of the Balmer (Hα, Hβ, Hγ) and helium (He i λ5876, He ii λ4686) line segment light curves with the continuum light curve at 5100 Å are presented in Figs. 17 to 21 as a function of velocity and time delay (gray scale). There is a general trend to be seen in the Balmer and He i λ5876 lines that the emission-line wings at distances of 2 000 to 3 000 km s −1 from the line center respond much faster than the central region. The centers of these lines respond with a delay of 25 -30 light-days with respect to the ionizing continuum, while the response in the wings is much faster, with delays of 0 -20 light-days. Grier et al. (2013) monitored the variability in the Hβ, Hγ, and He ii λ4686 lines of 3C 120 one and a half years later than we did. They also reported a lack of prompt response in the line centers of Hβ and Hγ in 3C 120. The faster response in the Balmer line wings compared with that of to the line center has been seen in variability campaigns of other AGN as well, for example, in Mrk 110 (Kollatschny 2003) , NGC 5548 (Kollatschny & Dietrich 1996 and Denney et al. 2009 ), SBS 1116 (Bentz et al. 2009 ), NGC 4593 (Kollatschny & Dietrich 1997) . The faster response of the line wings is explained by accretion disk models for the line-emitting regions (e.g. Perez et al. 1992 , or Welsh & Horne 1991 . The BLR Keplerian disk model of Welsh & Horne (1991) (their Fig. 1c ) agrees remarkably well with our Balmer and HeIλ5876 line observations. Many of the Seyfert galaxies that have been monitored spectroscopically show indications for additional velocity components in the velocity-delay maps, that is, a stronger and faster response in the red or the blue wing. An earlier response in the blue line wing than in the red wing is connected with outflow motions in the models of Perez et al. (1992) and Horne et al. (2004) . In disk-wind models the blue side of a line profile responds to changes in the ionizing continuum with almost no lag, while the red side of the line follows with twice the lag of the line as a whole (Gaskell 2009 ). An earlier response in the red wings is connected with inflow motions. On the other hand, an earlier response of the red line wing than in the blue line wing is predicted in the spherical wind and disk-wind models of Chiang & Murray (1996) . In their models the line-emitting gas shows a radial outward velocity component in addition to the rotation.
Only a few galaxies present a shorter response in the blue Hβ wings than in the red wings in the 2D cross-correlation functions as seen in Mrk 817 or NGC 3227 (Denney et al. 2010) . On the other hand, most of the monitored Seyfert galaxies show a shorter and stronger response in their red Balmer wings than in the blue wings. Typical examples are Mrk 110 (Kollatschny 2003) , Arp 151 (Bentz et al. 2010) , Mrk 1501, and PG 2130 (Grier et al. 2013) . Grier et al. (2013) found a stronger response in the red wings in both the Hβ and He ii λ4686 emission-line profiles of 3C 120 as well. They explained their observing result by infall in addition to rotational motions in the BLR.
We monitored 3C 120 one and a half year earlier than Grier et al. (2013) at a time when this galaxy was in a bright state (see Table 10 ). The log of the mean continuum luminosity amounted to log10(λL λ ) = 44.12 compared with 43.87 one and a half years later (Grier et al. 2013) . The pattern of our Hβ velocity delay map is similar to that of Grier et al. (2013) , demonstrating a stronger response in the red wing. The pattern of the Hα line we observed during our campaign shows a similar response as well. However, our He i λ5876 and He ii λ4686 lines exhibit a stronger response in the blue wings than in the red wings. Furthermore, the blue wing in the He ii λ4686 line shows a shorter response than the red wing. This is the opposite to what was ob- served by Grier et al. (2013) one and a half years later when the galaxy was in a lower state. A stronger and shorter response in the blue line wings is attributed to outflow motions in the models of Horne et al. (2004) , for example. This points to outflow motions when the galaxy 3C 120 was in a higher activity state. This applies particularly to the He ii λ4686 line, which originates closer to the central ionizing source. Outflow motions are in accordance with the evidence for stronger variability in the blue line wings and the blue line asymmetries based on our rms profiles. Radial velocity offsets due to mass outflows in AGN have been discussed before, for instance by Crenshaw et al. (2010) and references therein.
There are indications in a few other galaxies that the response in the line wings varied with time, for example, the response in the C iv λ1550 line in NGC 5548 (Kollatschny & Dietrich 1996) . Another interpretation for the varying response might be off-axis variability (Gaskell & Goosmann 2013) . 
Vertical BLR structure in a sample of AGN
We deduced the broad-line region geometry of 3C 120 in section 3.7 (see Fig. 23 ). Now we compare the spatial distribution of the line emitting region in 3C 120 with those in other galaxies: NGC 7469, NGC 3783, NGC 5548, and 3C 390.3 (Kollatschny & Zetzl 2013c) . We present in Fig. 24 tance to the center and height above the midplane. The two axes scales in Fig. 24 are linear in units of light-days. We assumed that the accretion disk structures are arranged symmetrically to the midplane. Different emission lines are highlighted by various colors and the different galaxies are marked by various symbols. The Hβ emitting regions are drawn in red. The three Hβ line-emitting regions of 3C 120 based on three different variability campaigns are connected by a dot-dashed red line and those of NGC 5548 (13 epochs) are connected by a solid red line. 3C 120 is the most luminous AGN. Therefore their radial Hβ extension is largest for 3C 120 as expected (e.g. Kaspi et al. 2005) . Different emission lines originate in different regions and at different distances from the center. The highly ionized (non-Balmer) lines of the individual galaxies are also connected by a solid line to illustrate general trends in the BLR structures of the different galaxies (see Kollatschny & Zetzl 2013c) . The Hβ emitting regions always originate closer to the midplane than the high-ionization lines. The line widths (with respect to the individual lines) control the height of the line-emitting regions above the midplane. NGC 7469 and 3C 120, for example, show the Hβ profiles with the narrowest line widths. They originate at the largest distances above the midplane compared with the other AGN. Therefore, the broad emission-line regions are not simply scaled-up ver- Fig. 25 .
Height-to-radius ratio for the Hβ line-emitting regions of 3C 120 (red), NGC 7469 (black), NGC 3783 (cyan), NGC 5548 (blue), and 3C 390.3 (green).
sions that only depend on the central luminosity (and central black hole mass).
To highlight this we show in Fig. 25 the height-to-radius ratio for the Hβ line emitting regions in 3C 120, NGC 7469, NGC 3783, NGC 5548, and 3C 390.3 as a function of the Hβ line width. This plot is based on the observed H/R values (Tab. 10 and Tab. 1 in Kollatschny & Zetzl 2013b , 2013c . The height-to-radius ratio for Hβ is highest for galaxies with narrow emission lines and lowest for galaxies with broad lines. The overall picture we derived for the BLR region structure before in Kollatschny & Zetzl (2013c) is confirmed by the additional emission-line data of 3C 120.
Summary
We carried out a spectroscopic monitoring campaign of the Seyfert 1 galaxy 3C 120 with the 9.2m HET, and in addition an accompanying photometric campaign with the WISE observatory in the years 2008 and 2009. The main results of our study can be summarized as follows:
1. The broad-line region is stratified compared with the line widths (FWHM) of the rms profiles, the variability amplitude of the emission lines, and the distance of the line-emitting regions from the center: The He ii λ4686 line originates closest to the center, the Hα line originates farthest away. Based on these data -and without correcting for the contribution of turbulent velocity to the line profile -we derived a central black hole mass of M = 10.8 ± 2.6 × 10 7 M ⊙ . Within the errors this is consistent with the black hole mass derived by Grier et al. (2012) .
2. The velocity-delay maps of the Hα and Hβ lines show a similar pattern as observations of Hβ made by Grier et al. (2013) one and a half years later. The emission line wings at distances of 2 000 to 3 000 km s −1 from the line center respond much faster than the central region. The faster response of the line wings is explained by accretion disk models. In addition, these lines show a stronger response in their red wings. However, the velocity-delay maps of the He i λ5876 and He ii λ4686 lines show a stronger response in the blue wing. Furthermore, the He ii λ4686 line responds faster in the blue wing in contradiction to the observations made one and a half years later when the galaxy was in a lower state. The faster response in the blue wing is an indication for central outflow motions when this galaxy was in a bright state during our observations. 3. The derived vertical BLR structure in 3C 120 coincides with that of other AGN. The general trend is confirmed: the emission lines of narrow-line AGN originate at larger distances from the midplane than AGN with broader emission lines.
